In 2002, the WHO European Region was declared polio-free. Nonetheless global eradication has not yet been completed and the reintroduction from at risk areas is still possible. This seroprevalence study evaluated samples collected from each Italian region in the 12−50 years old age range to assess protection against Poliovirus (PV) 1, 2 and 3 among subjects immunised with different vaccination schedules. 1073 samples (50.5% females) were examined. WHO standardized microneutralization assay was used. Seroprotection rates were 92.9%, 96.2% and 83.4%, for PV1, PV2 and PV3, respectively. Geometric Mean Titres (GMTs) were higher for PV2 (52.8) and PV1 (41.1) than for PV3 (21.0). Increasing the age, a decreasing trend in seropositivity was observed, in particular for PV3. The 2017-2019 Italian National Immunisation Plan emphasises, as primary objective, the maintenance of the polio-free status and strongly validates the 2 + 1 schedule in the first year of life with IPV vaccine associated with the administration of booster doses at 6 years and during the adolescence. Surveillance system and high population immunity are crucial to ensure the maintenance of polio-free status.
Introduction
In the pre-vaccine era, poliovirus infection was the leading cause of permanent disability in children. Poliovirus (PV) is an enterovirus and can be divided into three different serotypes, namely poliovirus types 1, 2 and 3 (PV1, PV2, PV3). Most infected people do not have symptoms; transient manifestations are developed in about 25% of cases. The signs of meningeal irritation (non-paralytic polio) are exhibited by approximately 4% of cases. When the virus enters the central nervous system and replicates in motor neurons of the spinal cord, paralytic poliomyelitis occurs. It is a rare outcome but, depending on the degree and extent to which motor neurons are affected, temporary or permanent paralysis of the muscles may result. The typical clinical manifestation of paralytic poliomyelitis is acute flaccid paralysis (AFP) affecting the limbs, principally the legs, usually asymmetrically, while sensation remains intact. Persistent paralysis and resulting deformities are common sequelae. 1 Polioviruses are spread by faecal-tooral and oral-to-oral transmission. Immunocompetent individuals generate humoral (circulating antibodies) and mucosal (secretory immunoglobulin A) immune responses. Detectable level of neutralizing antibodies in the blood is an excellent correlate of protection against paralytic disease. However, immunity is serotype-specific with no cross-protection between serotypes. 2 Great advancements in the disease eradication have been achieved by immunisation. In 1988, World Health Organisation (WHO) launched the Global Polio Eradication Initiative (GPEI) aimed to eradicate poliomyelitis by the year 2000. 3 The annual global burden of paralytic poliomyelitis was estimated to be greater than 350,000 cases, with wild poliovirus (WPV) transmission reported in more than 125 countries. Worldwide extensive use of live attenuated oral poliovirus vaccine (OPV) in mass vaccination campaigns and comprehensive routine immunisation services were coupled with attentive surveillance. A sharp decline of cases was obtained and, at the present, the countries with endemic polio are only three (Afghanistan, Nigeria and Pakistan). 4 Wild poliovirus type 2 (WPV2) was last detected in 1999 and global WPV2 eradication was declared in September 2015, while WPV3 has not been detected since 2012. In June 2002, Europe was classified polio-free. European Union countries that still included OPV in childhood immunisation schedule gradually switched to an inactivated polio vaccine (IPV) schedule, accordingly to the WHO strategy to limit the circulation of vaccine-derived poliovirus (VDPV) when the circulation of WPV had been ceased.
In Italy, mass immunisation with OPV started in 1964 and became compulsory in 1966 with Law n. 51 of 4 February 1966. Initially the schedule provided three doses of OPV at 3, 5 and 11 months of age and a booster dose at age of 3. 5 The last cases of paralytic diseases were diagnosed in 1982. Two cases of imported wild viruses were detected in not vaccinated children coming from Iran (1984) and India (1988). 6, 7 A sequential schedule composed of two doses of IPV (at 3 and 5 months) and two of OPV (at 11 months and 3 years of age) was employed since 1999. Since July 2002, a four doses IPV schedule was adopted. 8 The availability of a combined hexavalent vaccine for childhood containing also types 1, 2 and 3 inactivated polioviruses contributed to the achievement of coverage rates reaching and exceeding 95%. 5 Although PV2 is now an eradicated pathogen and WPV3 was last detected in 2012 in Nigeria, WPV1 remains endemic, at least in few countries. Then reinforcement of high levels of immunisation coverage is essential to prevent the reintroduction of poliovirus from other countries due to international travellers and migrant populations from conflict areas. 9 The spread of wild poliovirus from endemic areas to polio-free countries remains a potential risk, as vaccine induced immunity can wane and population sub-groups refuse vaccination.
This serosurvey for poliovirus antibodies aims to describe the immunity status to PV1, 2 and 3 using a microneutralization assay in Italian subjects immunised with different schedules. OPV, used until 2002, provides a long-term protection against paralytic disease through durable humoral and mucosal immunity. Differently, IPV has a better safety profile and is less able to counteract the spread of PV as compared to OPV, with the highest level of risk posed by the proximity of clustered un-or under-immunised groups to large population vaccinated using IPV-only scheme. The primary objective of the study is to assess seroprotection in Italian adolescents and adults. The secondary objective is to compare seroprotection levels according to gender, age group and geographical area of residence in order to unveil the distribution of unprotected subjects.
Results
The study population included 1,073 subjects (50.5% were females). The distribution according to gender, age and geographic area of residence is summarized in Table 1 . Although no data on the vaccination status were available, as sera collection was carried on from January 2013 to December 2014 and IPV-only schedule was adopted for immunisation starting from July 2002, adolescents aged between 12 and 15 years of age corresponds to children who would have been immunised with the sequential schedule IPV + OPV. Accordingly, the cohort of 16-50 years of age subjects would have been vaccinated with OPV. The sera were also selected according to different region of residence in order to reveal possible areas at risk.
The percentage of positive samples and the levels of Geometric Mean Titres (GMT) by gender and poliovirus type are reported in Table 2 . An antibody titre ≥ 1:8 was recorded in 92.9%, 96.2% and 83.4% of subjects for PV1, PV2 and PV3, respectively. Seroprevalence was similar in both gender. The percentage of females with protective titres was slightly higher than males for PV2 and PV3 without significant difference (p = 0.26 e p = 0.60 respectively), while seroprotection for PV1 was barely superior, but not statistically different (p = 0.11), in males. For PV1 and PV2, males exhibited higher values of GMT than females, while GMT for PV3 were higher in feminine gender. No statistically significant difference between gender for GMT was shown. A statistically significant difference (Table 3 ) was found comparing PV1 versus PV2 (p < 0.001, OR 1.9; 95% CI 1.3-2.8), PV3 versus PV1 (p < 0.001, OR 2.6; 95% CI 1.9-3.5) and PV3 versus PV2 (p < 0.001, OR 5.0; 95% CI 3.5-7.1). The higher GMT was registered for PV2 (52.8) and the lowest for PV3 (21.0) with a statistically significant difference (p < 0.01). The GMT for PV1 (41.4) was significantly higher than PV3 (p < 0.001) and lower than PV2 (p < 0.05).
Seroprevalence rates and GMT for PV1 according to age are reported in Figure 1 . Seroprotection was elevated (above 90%) in adolescents and up to the 21-25 years old age group, and gradually decreased to 83.1% in the 36-40 years old age group. A similar trend was observed for GMT. Analyzing the trend in the different age groups there was a highly significant statistical difference (p < 0.005). In Figure 2 the percentage of positive samples and GMT for PV2 are depicted. Starting from a very high seroprevalence (98.7%) in twelve-year-old children, a decrease was shown in thirteen-year-old subjects and then the rate of positive samples remained above 95% until the 31-35 years old age group. The GMT showed an analogous trend, statistically decreasing with aging (p < 0.05). Seroprevalence for PV3 (Figure 3 ) displayed values above 95% in all age groups, with a maximum of 94.4% in thirteenyear-old children and a minimum of 71.2% in fourteen-year- old subjects. Higher levels of GMT were exhibited in the twelve-and thirteen-year-old individuals, showing a sharp decrease in the following age groups and remaining almost unchanged in adolescents and adults, without statistically significant difference. Assessing seroprotection and GMT according to geographical area of residence (North Italy, Central Italy, and South Italy), PV2 and PV3 showed the higher and the lowest rank of positive samples and antibodies levels in all areas, respectively. No statistically significant difference between the areas of the country was found.
Discussion
Eradication of wild Poliovirus still remains a strategic goal for Public Health, as the virus can disseminate from endemic areas to polio-free countries due to waning immunity and the decline of immunisation coverage rates. Epidemiological surveillance is essential to ensure and maintain the polio-free status.
The study revealed a seroprevalence rate of 92.9% for PV1 and 96.2% for PV2, while only 83.4% of tested samples was positive for PV3. Despite a good level of immunity against PV1 and PV2 in adults and in adolescents, at least starting from 14 years of age, the lowest rates of positivity were observed in twelve-year-old and thirteen-year-old children for these serotypes and in all ages for PV3. In addition, a decreasing trend with aging was noticed, with a statistically significant difference for PV1 and PV2, as seropositivity rates for PV3 were stable around 80% from adolescence to adult age, with a rise only in 46-50 year old subjects. A similar pattern was previously observed by Wallace et al., 2016 in a representative sample of non-institutionalised US population. High seroprevalence levels are expected in subjects that likely have recently completed the immunisation schedule. 10 Our results are also in accordance with the study of Reinheimer et al., 2012, that examined an European population. 11 In the period 2001-2010, the percentage of German individuals showing lack of immunity against PV3 significantly increased over years, reaching about 30%. Other authors already described the immunity level against PV3 as the lowest among all types of poliovirus. [12] [13] [14] [15] [16] A lessened immunogenicity of PV3 when compared to PV1 and PV2 could explain this gap. 17 A recent review, analysing the risk of reintroduction of WPV in Europe assessed seroprotection in countries of European Union (EU) and European Economic Area (EEA). Although immunity rates were high in most countries, herd threshold was not reached, especially for PV3, in some nations. 18 The authors also draw attention to disparity in immunity levels within single countries, as found in Germany (formerly separated in East and West Germany) and in Italy, where different regional health authorities realised distinctive immunisation strategies. However, we found no difference, neither for seropositivity rates nor for GMT, according to geographical area in the samples we tested.
This study represents an up-to-date survey on the presence and the levels of antibodies against different poliovirus serotypes in Italian population. In 2007, the assessment of immunity in a cohort of fertile women at the delivery showed low GMT, even if no woman was susceptible to infection. 19 A decrease of GMT was recorded in a survey on individuals living in the Veneto region (North Italy). 6 Children and adolescents (1-17 years old) exhibited significantly higher GMT levels than adults (over 65 years old), pointing out an agerelated decline in antibody titres. Similarly, a reduction in neutralising antibodies levels according to age was found in university students whether Italian or from outside EU. 7 Seropositivity rates very close to 100% were observed in Apulian children from zero to 15 years old, with the lowest titres in infants in the first year of life who have not concluded immunisation and a decline of GMT associated with age, particularly for PV3 again. 5 As the risk of reintroduction of the virus is strongly reduced but still not completely eliminated, the low and decreasing levels of immunity in adolescents represent a matter of concern. A booster dose is strongly suggested in order to overcome the waning of seroprotection. In that respect, the 2017-2019 Italian National Immunisation Plan provides for the maintenance of polio-free status as main goal, suggesting, in addition to the IPV immunisation schedule with 3 doses at 3, 5 and 11 months, a first booster dose at age of 6 and a second one in adolescence (between 12 and 18 years). 20 Great improvements have been achieved in effective control of poliomyelitis by means of the development and the widespread use of the vaccine. Nonetheless, poliovirus remains endemic in three countries and many lowincome countries still currently use OPV in their routine immunisation programmes. As a result, Italy for its geographical position and high rate of immigration is at risk for the re-introduction of the virus. Very recently an imported case of vaccine-associated paralytic poliomyelitis (VAPP) was described in a pediatric patient from Albania. The infant, affected by congenital agammaglobulinemia, was immunised with OPV according to local schedule. PV3 was isolated from stool samples and all precautions for the potential risk for virus transmission were taken. In immunodeficient individuals attenuated OPV-virus can replicate and persit for long time accumulating mutations that increase the possibility of reversion to neurovirulence and transmissibility. Therefore, they can act as a polio reservoir and infect unvaccinated and immunocompromised contacts. 21 The present study has some limitations. As it is based on a convenience sample, it is unknown if these results are generalizable to the current status of poliovirus immunity in the Italian population as a whole. Nevertheless, this study gives an indication on the rate of seropositivity/negativity according to age groups that can be expected in larger surveys. In addition, no data about vaccination history was available.
Besides, without sensitive seroprevalence assessment the existence of low-immunity pockets in the population cannot be excluded. Since the spread of PV can be efficiently prevented only when rates of susceptible people are closer to zero, the maintenance of sound surveillance and high population immunity, including through strengthened routine immunisation services, is crucial also in polio-free countries.
Materials and methods

Study design
A national observational seroprevalence study was conducted. Tested samples were collected in the period 2013-2014 for a previous survey on varicella antibodies prevalence. 22 Anonymous unlinked samples of residual sera from routine laboratory testing were provided by a reference laboratory from each Italian Regions and Autonomous Provinces. Samples from individuals known to have an immunosuppressive or acute infectious disease and those from individuals who had recently undergone a blood transfusion were excluded. Available sera were stored at −20°C. We selected samples of individuals between 12 and 50 years of age in order to compare immunisation with different schedules. As the subjects who received only IPV are considered at higher risk, the assessment started from 12 year of age (in mid-2002 the sequential schedule IPV-OPV was replaced by the full IPV one) towards the age of 50 (as, in Italy, OPV universal mass vaccination was implemented since 1964). Given the exploratory nature and the objectives of this observational study, rather than testing a formal hypothesis, an estimation approach through the provision of confidence intervals for the proportion of seronegativity was considered more appropriate than the power calculation in the traditional fashion. However, the sample size obtained from this estimation approach (1026 samples) was used to evaluate the power levels reached by assuming a difference of 10% in the seronegativity proportions between two age groups (<20 years and 40-50 years) with 608 and 114 samples respectively and permitting to obtain the appropriate power levels.
Ethical aspects
The study was approved by the Ethics Committee of the Province of Ferrara. Ethics Committee of the Istituto Superiore di Sanità (ISS) in compliance with European SeroEpidemiology Network approved the previous seroprevalence survey. Only data regarding gender and age were available.
Microneutralization test
Samples with a volume of serum sufficient for the determination were tested in batches. A microneutralization assay was used for the assessment of the serum titres of Poliovirus types 1, 2 and 3 antibodies according to the WHO procedure. 23, 24 Briefly, sera were complement inactivated at 56°C for 30 minutes and diluted from 1:8 to 1:1024. They were then placed in contact with a standard amount of 100 50% tissue culture infective doses (TCD 50 ) of the three types of Sabin attenuated Poliovirus (type 1, L Sc2ab strain; type 2, P712ch2ab; type 3, Leon 12alb) in a multi-well culture plate. After a 3 hours incubation at 36°C in a CO 2 incubator, freshly trypsinized HEp-2 cells in suspension (approximately 1 × 10 5 to 2 × 10 5 per ml of human larynx epidermoid carcinoma cell line, HeLa derivative human) were added to each well containing the serum-virus mixture and the solution was incubated at 36°C in a 5% CO 2 incubator. The final test visually reading was obtained after 5 days. The 50% endpoint value was used as the serum titre. Titres of ≥1:8 were considered to be protective. Results were expressed in International Unit (IU) in accordance with the protocol.
Statistical analyses
All tests were conducted in duplicate. According to WHO recommendations, sera with a titre equal or above 1:8 were considered positive. When the results of the replicates were conflicting (one positive and one negative), the sample was considered negative and for the GMT a value of 3 was considered. When both results were positive with contrasting values, the sample was assumed as positive and the lower value was considered for GMT assessment. Seroprevalence was calculated as the percentage of positive samples (titre ≥ 1:8). Geometric Mean Titres (GMTs) were computed by log 10 of reciprocal antibody titres.
Data were analysed using the χ 2 test, Student's t-test for unpaired data, Chi-squared test for trend, and 95% confidence intervals (95% CI) were calculated as appropriate. Analyses were performed using Epi Info™ 7 supplied by the Centers for Disease Control and Prevention (Atlanta, GA, USA). The statistical significance was set at p < 0.05.
